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IMMUNOCONJUQATCS FOR CANCER DIAGNOSIS AND THERAPY 



BACKGROUND 



Field of the Invention 



The present invention relates generally to the field of immunoconjugates and. more particularly, to the 
use of immunoconjugates in the diagnosis and treatment of cancer. The invention also relates' to the 
treatment of breast and cervical carcinoma with cytotoxic conjugates of mornxrlonal antibodies (MoAbs) and 
gelonin. a ribosomat mhiblting protein. 

Background of the Invention 

Breast cancer and cervical cancer are two of the leading causes of death from malignancy in women in 
the Western world. Surgical removal of localized malignancies has proven effective only when the disease 
has not spread beyond the primary lesion. Once the disease has spread, the surgical procedures must be 
supplemented with other more general procedures to eradicate the diseased or malignant cells. Most of the 
commonly utilized supplementary procedures such as irradiation or chemotherapy are not localized to the 
tumor cells and, although they have a proportionally greater destructh/e effect on malignant cells, often 
affect normal cells to some extent 

Many tumors express antigens or antigenic determinants which are m'ther expressed very weekly or not 
expressed at ail by normal cells. Some tumor cells express antigens which are expressed by embryonic 
cell types but are not expressed by normal cells of a mature animal. These abnormally express antigens 
are known as tumor-associated antigens. The antigens expressed by tumors are specific In that while a 
particular antigen may be expressed by nrwre than one tumor, it is usually expressed by all or most cells of 
the partioiter tumors which express It A tumor cell may express one or more than one tumor-assodated 
antigen. These tumor-assodated antigens may be expressed on the surface of the cell (cell surface 
antigen), may be secreted by the tumor cell (secreted antigens) or may remain Inside the cell (intercellular 
antigen). 

The presence of these tumor-associated antigens has been uSSxei to detect, diagnose and i~-n»« the 
tumor, in some cases the presence of the tumor^ssociatod antigens on the tumor celb has alknvvd the 
targeting of specMic dnigs and toatment means specHically to the tumor cells. 

Antit)odle$ are proteins normalir produoed by the immune system of an animal in response to taiBign 
«>tige«is or antigenic detenninante. Antibodies bind to Ihe spedtie -antigen to tvMch they am Orectod. 
Monoclonal antibodies directed to spedlie antigens or antigenic detonninants may be pisparad In toge 
^Itiantities. . . . • 

One inetiiod of targeting chemotherapeutic agente to tumor calls and to diminishing their effects on 
iKwnal ceBs has been mads possibto wWi the development of lltoAbs tfiiected against antigens on the 
tumor cans which do not occur on normal cells. 

AiJ!^!'fZ^^ in Older to allow their use for focaSaHon and treatment of maEgnant 

disea^ Antibodies, coupled to dnigs. may be used as a delivery system by which the drug is taig^ 
a specific tumor ceO type against which the antibody Is directed. Antlbodtes may also be co^ 
snd thus act as a delivery system to target the toxins directly to specific tumor ceils. 

Qelonin is a glycoprotein (l«.W. 29^.000) purHted from the seeds of Getenium muHKonrnt. Getonin 
belongs to a dass of potent ribosomai inactivating ptant toxins. Other members of this'SS^ribosomal 
fc»ctivabngplant toxins are the chains of Abrin. Ridn and Modecdn. Gelonin. Bice abrin and ridn. inWbite 

•wwslbte. does not appear to Involve co^actors and occu 
sets onzymatically. 

•imllrr'"* fin 9*>00M or reported finldne cytotoxic agente to antibodies to make 

immonotoxins. Of particular interest have been Immunotoxins of monodonal antibodies conjugated to the 
enjvma^^ 

and Yoric Immunol, flav. (I982> 62: 7S4I: Rwj et al. European J. Btodwm. (USO) KH: Vtttota et al. 
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Gelonin and ridn are among the most active toxins in inhibiting protein synthesis on a protein weight 
basis. Qetonin is 10 to 1000 times more active in inhibiting protein synthesis than the ricin A chain. Peptides 
like ricin and abrin are composed of two chains, an A chain which is the toxic unit and a B chain which acts 
by binding to cells. Unlike ricin and abrin. getonin is composed of a single chain, and, lacking a 6 chain for 

5 binding to cells, is itself non-toxic to intact cells. (Slirpe. et al. J. Biot. Chem. 255: 6947-6953 (1980)). 
Mammalian cells apparently lack the ability to bind and/or to intefnaii2e the native geksnin molecule. 
Conjugates of gelonin to a tumor-targeting monoclonal antibody such as the monoclonal antibody I5AB 
directed to an antigen present on certain tumor cells such as breast cancer cells, provides both a specific 
method for binding the gelonin to the cell and a route for internalization of the geionin-antlbody complex. 

10 Among the advantages of using the toxin gelonin over using toxins such as ricin A chain is its reduced 
toxicity to normal tissues compared to ricin A chain. Gelonin coupled monoctonal anti-tumor associated 
antigen monoclonal antibody is an active and selective immunotoxtc agent for tumor therapy. 

Since the antibody to which the drug, toxin or radioactive label is coupled binds only to tumor cells 
expressing a specific antigen, only the tumor cells are killed. However, radiation from the radiolabeled 

rs compounds is not limited solely to ttie tumor cells in which the radiation is taken up. Radlolabelled 
antibodies suffer from problems which Umit or complicate their use as the therapeutic agents. For example, 
metabolic or enzymatic degradation of ttie antibody may release the radiolabel and allow it to distribute to 
other tissues such as kidneys or bone manDw. causing unacceptable radiation damage to these organs. 

20 

Sumnrwry of the Invention 

The present invention provkjes Immunoconjugates of an antibody which recognizes tt^e I5A8 antigen on 
breast cancer and cervical cancer cells, in one embodiment tiie antibody is coupled witi) a toxin selected 

2S from ttie group consisting of gektnin. ricin A chain and abrin A chain. In another embodiment the I5A8 
antibody may be coupled with a cytoctdal drug such as adriamycen or a biotogical response modifier such 
as a lymphokine or cytokine. In another embodiment the antibody may be lat^eled with a detectable label 
such as a radiolabel. a chemiluminescer, a fluorescer. or an enzyme label. The cytocidal immunoconjugates 
are useful to treat and prevent recurrence of tumor»associated l5A8«beaftng tumors by admlnistFalion of 

so ttiese cytocidal Immunoconjugalas to an ^dividual in need of such treatment The detectabiy labeled ISA8 
immunoconjugates are useful fbr diagnosis and localization of tumors by techniques known to those In ttie 
art These labeled immunoconjugates are also useful to assay for the presence of ttie I5A8 antigen In 
biotogical specimens and for localizing ttie tumor site In vivo by means known to ttiose of skill in ttte art 
One of ttie objects of ttie present invention is* to provide a cytotoxic composition which wouki 

as specifically bind to and idU tumor cells. Specifically, It is an object of the present toiventton to provide a 
cytotoxic co m pos iti on which wouM spedficaOy bind to and kiO tumor cells which expross ttie I5A8 antigen 
(ttie antigen iwognizod by monoclonal antibodies disclosed and claimed In U.S. Pat Appbt Ser; No. 
59373 filed March 23. 1987). Anottier aspect of ttie Invention concerns a mettwd of idlOng human breast 
cancer cells, cervical carcenoma cells, or ottier tumor cells expressing ttie 15A8 anfigdn by contacKno the 

40 ceOs witti a cytocldally effective amount of an Immunotoxin. 

tt Is a furttier object of ttie presem mvention ttiat aueh a ooniposl^ 
wouM cause minimal Injury to normal tfssiie. 

It is a further ol^'ect of ttie present Invention to provkto a composition comprising an antibody directed 
to a 22 kD I5A8 tumor^essodated antigen. It was a furttier object of ttie present invention to provide a 

46 labelled antibody useful In ttie detection, diagnosis and locallzatfon of tumors eoqxesslng ttie I5A8 antigen. 

Pescr^Jtion of ttie Drawings 

80 Rgure I Is a graph which demonstrates ttie ISA8-gelonln ehition profile by 6-75 Chiomatography. 

Figure 2 demonstrates ttte etectrophoretic pattern of ttie ISAa-getonln complex. 

Rgure 3 Is a graph of ttie chromatographic elution profile of ttie 6*75 ehiate on Blue Sepharose. 

Ftgura 4 demonstrates ttie protein synttiesis kttilbitory activity of ttie gelonin-f5A8 antibody oonnplex. 

Rgure 5 demonstrates ttie binding of ttie free I5A8 anttbody complex to Me-I60 cells. 
65 Rgure 6 demonsti^es the anti-prollferative activity of ISAS^Ionln complex on non-target HS 294% 

cells. 

Rgure 7 demonstrates ttie antiproliferative activity of gelonin and gelonMSAS antibody complex on 
Me-180 ciftlls. 
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Figure 8 demonstrates tfie antiproliferative activity of geionin and gefonin*t5A8 antibody complex on 
A431 ceils. 

Detailed Description of the Invention 

As used herein the term "monoclonal antibody" means an antibody composition having a homogeneous 
antibody population. It is not intended to be limited as regards the source of the antibody or the manner in 
which it is made. 

Breast carcinoma cells express a 22 kD antigen on their cell surface. Antibodies to this antigen have 
been produced. Specifically monoclonal antibodies of the IgQt, tgQu and \gQ^ isotypes which recognize 
an epitope of this 22 kO antigen have been produced Hybridomas which recognize this 22 kD (producing 
predominantly the IgGi isotype), I5A8 Gz, {producing predominantly IgGa isotype) end I5A8 Ga, (producing 
predominantly IgGjb isotype). All isotype recognize the same epitope of the antigen which for the purpose 
of this invention will be designated the I5A8 epitope. Thus, all of these antibodies are functionally 
equivalent 

These representative hybridoma cultures whose cells secrete antibody of the same idiotype, i^.. alt 
recognize the ISA8 epitope, have been deposited at the American Type Culture Collection of 12301 Parkiawn 
Drive. Rockville, Maryland 20852 CATCC") and have been assigned the accession numbers HB-OSSS (for 
!5A8). HB-9344.(for 15 A8 G^J and HB-9345 (for I5A8 G^b). 

These monoclonal antibodies may be made by methods known to those of skill in the art The 
procedure for making the hybridoma cell cultures which produce these antibodies is described h detail in 
U.S Pat Appln. Ser. fte. 29,373, filed March 23, 1987, which is a continuation in part of U.S. Pat Application 
Ser. No. 678.264. filed December 5. (984 and in European Appficatlon Publication 0 184 369 (published II 
June 1986). Briefly, mammary tumor cells (Soule, et al. JNCI. SI; 1409-1413 (1973) ATCC Accession No. 
HTB-22) were injected into BALB/c mice intraperitorieally every" three weeks for a total of three to four 
injections. The spleens were harvested three days after the last infection and a spleen cell suspension was 
prepared and washed by two centrifugations (800 x g) in Dulbecco's modified Eagles medium. One hundred 
and eight immunized mouse spleen cells and 107 PAl myek>ma cells obtained from Dr. The© Staehfin, 
Basel. Switzertand. J. Stocker, Research Disctosure. 21713, 155-157 0982) were resuspended fbr teion in a 
45% solution (v/V) of polyethylene glycol 1500. The hybrid cells were selected on hypoxanthine-amenoptBrta 
thymidine (HAT) medium. 

Dones of the hybridoma were grown in vitro according to known tissue culture techniques such as is 
described by Gotten, et at, &ir. J Immunol. 3:136 (1973). Hybridomas producing antibodies which reacted 
with MCF-7 and/or MDA-157 cellTbut not human foreskin fibrobiast cells were further charactorized. The 
antibodies produced by the iSAB cellline and hybMomos-pfodudng functfonaOy equivaient antibodies 
leaded with the tSAS antigen on MCP-7 oeHs. They also reacted fHth SBQI randomly 
: mammary caitinomas tested, and exMbHed a ifveaker leactkxi wUi iicn^ 

renal pro)dmaf lubuie« bladder skin, esophagus and salivary gland, but cells ^^libstatifially no other normal 
tissue, and was umeacthfe wfth 14 of 18 other maOgnant tissues tested. IhelSAB antibody also leacM with 
^^^pcystlc diseases, normal manunary epithelium, a number of adenocarcinomas, ft dU not raact with 
mesotheliomas. The ISAB antibody crossreads with normal breast ranal proximat tubde. epMennal. 
esophageal, and salivary gland epithelium and with cervical, coton and prostrate cardnomas. The bindng of 
ISAB antibody to various tunuirs and tissues is sunimarized on Table 1 in Bcample 4. 

As used hersin witti respect to the exemplified murine monoclonal anis-human breast cancer anHbodie^r 
thetenn "functkmat equivaient- means a monoclonal antibody that: (1) crossblocks an exemplified mon- 
oclonal antibody; (b) binds selecth«ly to cells e)q3rBssing the ISAB antigen such as human tmast cancer 
cells; (c) has a Q or M isotype; (d) bkute to the I5A6 antigen as determined by Immunopredpitatkm or 
sandwich immunoassay; and (e) when conjugated to geionin. exhibits a tissue culture Inhbitory dose (TCIO) 

of at least 50% against at least one of the MCF.7.ME4B0.BT.20. or A43icen Ones when used at a dose of 
5-10 units per ml 

Antibody ISAB was con^gatod to geionin using N-sucdnlmkfyl^i»yridyidtthio)pmpionato ^PDP) or 
iminotfiioiane (TO as a coupling agent The* conjugates were tested against Me^80. and A43I cells In a 72- 
hour tissue culture assay. The antibody conjugates exhibited acceptable antiproliferative activity (TCID 50% 
of less than 5 unrts/hil) against both of these cell lines. 

Further details of the characterliatf on of the anttoodles are provided In the e^ 



Immunochemlcais 
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' The immunochemical derivatives of this invention that are of prime importance are immunptoxins 
(conjugates of the I5A8 antibody and a cytotoxic moiety or a biotogicaJ response modifier) and labeled (e.g.. 
radiolat)eled. enzyme-labeled, or fluorochrome*labeled) derivatives In which the label provides a means for 
identifying immune complexes that include the labeled antibody. 

5 The cytotoxic moiety of the immunotoxin may be a cytotoxic drug or an enzymatically active toxin of 
bacterial or plant origin (gelonin). or an enzymatically active fragment ("A chain") of such a toxin, 
Enzymatically active toxins and fragments threof are preferred and are exemplified by gelonin, diphtheria A 
chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa ), 
ridn A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins. 

to Phytoiacca americana proteins (PARI, PAPII. and PAP-S). momordica charantia inhibitor, curcin. crotin, 
saponaria officinalis innibitor. mitogellin, restrictocin, phenomycin, and enomycin. Most preferred is the 
conjugation with geionin. 

Biological response modifiers wttich may be coupled to the I5A8 antitxidy and used in the present 
invention include, but are not limited to. lymphokines and cytoidned such as IL-2. interferons (a. fi, or y), 

15 and 11*6. These biological response modifiers have a variety of effects on tumor cells. Among these effects 
are increased tumor cell killing by direct action as well as Increased tumor cell killing by increased host 
defense mediated processes. Conjugation of antibody I5A8 to these biological resportse modifiers wiO allow 
selective k)calization within tumors and. hence, improved anti-proliferative effects while suppressing non* 
specific effects leading to toxicity of non-target cells. 

20 Cytotoxic drugs which are useful in the present invention include, but are not limited to. adriamycin (and 
derivatives thereof), cis-ptatinum complex (and derivatives thereoO. bleomycin and methotrexate (and 
derivatives thereof). These cytotoxic drugs are sometimes useful for clinical management of xecun'ent 
tumors and Pvticularfy breast cancer, but ttietr use is complicated by severe side effects and damage 
caused to non-target cells. Antibody I5A8 may serve as a useful carrier of such drugs provkllng an efficient 

25 means of both delivery to ti)e tumor and enhanced entry into the tumor cells ttiemsefves. In addition, 
specific antibody defivery of cytotoxic drugs to tumors will provide protection of sensitive sites such as the 
liver, kidney and bone marrow from ttie deleterious action of ttie chemotherapeutic agents. Use of drugs 
conjugated to antibody I5A8 as a delivery system alk>ws lower dosage of ttie drug Itself, since all drug 
moieties are conjugated to antibodies which concentrate within the tumor. 

30 I Conjugates of the monoclonal antibody may be made using a variety of bifunctional protein coupHng 
agents. Examples of such reagents are 8P0P, IT, bifunctional derivatives of Imidoestere such as dimethyl 
a(£plmidate*HCI. active esters such as disucctnimidyi suberate, aldehydes such as glutarakiehyde, bis* 
azido compounds such as bis(p*^dobenzoyO hexanediamtne. bis-diazonium derivatives such as bls-(p- 
diazoniumbenzoyl)-ethylenediamine. dTisocyanates such as toiyiene 2.6-dlisocyanate. and bis-active fluorine 

95 compounds such as a l,5-difluoro-2.4-dlnitrobenzene. 

When used to Idll human breast cancer cells In vitro for diagnostic purposes, the conjugates will 
lypicaliy be added to ttie cell culture medium at a dohoentration of at least about O nM. The formulation 
r.v.'iVid :€node of sdmlnislralion for in iiltiD use are not crfticaL .Aqueous formulations that ve compaUblo wKh 
ithe culture cr perfiisiofi inediufrrSiil nonraUy be used. Cytotoxicity may be read by conventional 

40 techniques to deterrnlne ttie presence or degree of breast cancer. 

Cytotoxic fadk)pharmaceuttcal$ for diagnosing and treating tumors canrylng the 15A8 antigen such as 
breast cancer may be made by confugating high linear energy transfer (l£T) ernttting Isotopes (0.9^ Y; Pr) 
to the anUb oc fi es. The term 'cytotoodc moiety* as used herein is intended to kickide such isotopes. 

The labels tttat are used In mtaking labeled versions of ttie antibodies include moieties ttiat nuiy be 

45 detected directly, such as fiuorocfrromes and radlolabels as well as rrusleties. such as enzymes, that must 
be reacted or derivatized to be detected. Examples of such labels are ^H. *^C fkiorescein and Ito 

derWalives. ihodamine and its derlvalives. dansyl, umbeliferone, kidtoria, 2,3-daiyd r op W hal z alnedtohe8, 
Iwrseradish peroxkiase. alkaline phosphatase, lysozyme. and glucose-6-phosphate dehydrogenase. Ttie 
antit)odles may be tagged with such lat)els t>y known methods. For instance, coupling agents such as 

50 aMehydes. carbo(£imides, dimaleimlde. imidates. sucdnlmides, bis-diazotized t)enzadlne and ttie tike may 
be used to couple ttie antibodies wtih the above^Jescribed fluorescent chemiluminescent and enzyme 
labels. 

The antibodies and labeled antibocfies may be used In a variety of Immunolmaging or immunoassay 
procedures to detect ttie presence of tomors expressing ttie I5A8 antigen such as breast cancer In a patient 
55 or monitor the status of such cancer In a patient already diagnosed to have It When used'to monitor the 
status of a cancer a quantitative immunoassay procedure may be used. Such monitofing assays are carried 
out periodically and ttie results compared to detomdne whettier ttie patienfs tumor burden has increased or 
decreased. Common assay techniques that may be used include direct and Indirect assays. Direct assays 



e 
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involve incubating a bssue sample or ceils from the patient with a labeled antibody. If the sample I5A8 
antigen bearing cells such as includes breast cancer cells, the labeled antibody wilt bind to those cells. 
After washing the tissue or cells to remove unbound labeled antibody, the tissue sample is read for the 
presence of labeled immune complexes. 

For diagnostic use the antibodies will typically be distributed in kit form. These kits will typically 
comprise: the antitwdy in labeled form in suitable containers, reagents for the incubations and washings, 
and substrates or derivatizing agents depending on the nature of the label. Antigen I5A8 controls and 
instructions may also be included. 

Administration of the immunotoxins of the present Invention to an individual who has been diagnosed as 
having a tumor with the I5A8 antigenic determinant will allow targeting and concentration of the cytotoxic 
agent at the site where it is needed to kill the tumor cells. By so targeting the cytotoxic agents, non-specific 
toxicity to other organs, tissues and cells will be eliminated or decreased. 

When used in vivo for therapy, the immunotoxins are administered to the patient in therapeutically 
effective amounts (i.e.. amounts that eliminate or reduce the patient's tumor burden). They will normally be 
administered parenterally, preferably intravenously. The dose and dosage regimen will depend upon the 
nature of the cancer (primary or metastatic) and its population, the characteristics of the partteular 
immunotoxin, e.g- «ts therapeutic index, the patient, and the patienfs history. The amount of Immunotoxin 
administered win typically be in the range of about OJ to about 10 mg/kg of patient weight 

For parenteral administration the immunotoxins will be formulated In a unit dosage Injectable form 
(solution, suspension, emulsion) in association with a pharmaceutically acceptable parenteral vehicle. Such 
vehicles are inherently nontoxic and nontherapeutic. Examples of such vehicles are water, saline. Ringer's 
solution, dextrose solution, and 5% human serum albumin, rtonaqueous vehicles such as fixed oils and 
ethyl oleate may also be used. Uposomes may be used as carriers. The vehicle may contain minor 
amounts of additives such as substances that enhance isotonidty and chemical stability, e.g., buffers and 
preservatives. The immunotoxin will typically be fonnulated in such vehicles at concentrations of about OJ 
mg/ml to 10 mg/ml. 

GekDnin toxin was purified from the seeds of geionin multiflorinum by the method of Sbrpe. et al. supra. 
Briefly, geionin was extracted from the seeds by homogenizatlon in buffered saline solution (pH 7.4). The 
supernatant was concentrated after dialysis against 5 mM sodium phosphate (pH 6^ and the geionin 
further purified by ion exchange chromatography as described in Example I. The purity of the geionin toxin 
was assessed by high pressure liquid chromatography (HPLC) and sodium dodecylsul^rtiatB-polyacylamide 
gel electrophoreseis (SOS-Page). Geionin toxin migrated as a single t»nd with an appraxlmate molecular 
weight of 29-30,000 daHons. 

Geionin toxin acthHty was measured as described in Example 2 by protein synthesis Inhlbftlon in a ceO* 
free system. 

Antibody fSASQa mqdilied with SPOP as described in Sample 5 was cof^jgatBd with Imfoiottildiane 
modified geionin as described in Examples 3 and 6. The geionin ^conjugated entibody was fxirified as 
described In Example 7 by coluinn chnornatography on a Sephadex 6-75 column. 

The toiddty of the gelonin-coriiuated antibody was determined by protein synthe^ inhibition and its 
antiproliferative acthoty was deteimined by in ^ and in vivo tests. The Miowino examples pcDvida a 
detailed description of the preparation, characterization. aiB usa of tfie immunolosdn fnonoddnai antbodies 
of this invention. These axarnpies are not intended to limit the invention In any manner 



Example 1 



Purification of Geionin 



Seeds of Qelonin multiflorinum were shelled and the nuts ground In a homogenlzer with eight volumes 
of 0.14 M Naa containing 5 mM sodium phosphate (pH 7.4). The homogenate was left overnight at 4«C. 
with continuous stirring, cooled on ice and centrifuged at 35,000 times g for 20 minutes at 0^. The 
supernatant was removed, dialyzed against 5 mfA sodium phosphate (pH 6.5) and concentrated using a 
pmlO filter. The sample was layered on a CM-S2 ion^xchange column (20 x 1^ cm) equilibratod with 5 m i\/l 
sodium phosphate (pH 6.5). Material which bound to the Ion exchange resin was eluted with 400 ml of 0 to 
0.3 M Inear Naa gradient at a rate of 25 mMiour at 4»C. Five ml fractions were coOecled. The fractions 
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wore monitored at 280 nm In a spectrophotometer. The gelonin eluted in about fractions 55-70 and was the 
last major elution peak. Fractions 55-70 were pooled, dialyzed against double distilled water and con- 
centrated by lyophiltzation The purity and the molecufar weight of each preparation was checked on high 
pressure liquid chromotography using a TSK 3000 gel permeation column with 50 mM sodium phosphate 
5 buffer. pH. 7.4 and 15% sodium dodecylsiiiphate-polyacrylamide gel electrophoresis (SOS-page). Gelonin 
migrated as a single band with an approximate molecular weight of 29-30.000 daltons. 



Example 2 

to 



Assay of Gelonin Activity 

ts 

The gelonin activity was monitored in a cell-free protein synthesis inhibition assay. The celMree protein 
synthesis inhibition assay was perfonmed by sequentially adding to 50 ul rabbit reticulocyte lysate. thawed 
immediately before use, mixing after each addition, the following components: 0.5 ml of 02 M Tris HCI (pH 
7.8). 8.9 ml of ethylene glycol, and 0^5 ml of I M HCI). 

20 Twenty microliters of a salt-amino acid-energy mixture (SAEM) consisting ot 0.375 M KCI, 10 mM Mg 
(CHjC0?)2. 15 mM glucose. 0.25-10 mM amino acids (excluding leucine), 5 mM ATP. I mM QTP. 50 mM 
Tris-HQ (pH 7.6)» K) ul Creatinine phosphate-creatinine phosphoWnase. 8 ul '*C leucine (Amersham, 346 
mCi/mmol). and adding 1.5 ul of solutions containing varying concentrations of the Cielonin mixture. The 
mixture was incubated for 60 minutes at 3(rC. '♦C-leuctne incorporation wbs monitored m an aliquot of the 

25 mixture by precipitating synthesized protein on glass fiber filters, washing in 10% TCA and acetone, and 
monitoring the radioactivity in a Beta-coimtar using Aquasol scintillation fluid. Gelonin with a specific activity 
no lower than 4 x 10' U/mg ms used for conjugation wth the antibodies. A unit of gelonin activity is the 
amount of gelonin protein which causes 50% inhibition of Incorporation of V^C] leucine Into protein in the 
cell free assay. 

30 

Example 3 



3S 

• Modification of Gelonfai With Iminothiolane 



- HBelonfo in phosphate buffered saSne was concentrated to approximateir 2 minigrBmsflmf toi 

K) micrpconcentralor. Triethanoiamtne hydrochloride (TEA/HCQ, pH ao and EDTA were added to a final 

40 concentration of 60mM TEA/HQ and tenM EDTA pH ao. 2-lmincrthioiane stock solutten (MmM) ¥^ added 
to a final ooncentration of I mM and the svnple was incubated fbr 90 minutas at 4K. tinder a stream of 
nilroQen ^as* 

Excess Iminothiolane was removed by gel filtration on a column of Sephadex G-ZS f x 24cm) pre- 
eqirfObfated with 5 mM t^s-tris^acetate buffer. pH 5^ contaMno SO mM NaCl and I mM S)TA. f=r8Cfions 
45 were analyzed for protein content in microfiter plates using the Bradfofd dye blridvig assay* Briefly; forty 
mtcrofiters of sample, 100 ut of phosphate buffered safine (PBS) and 40 ul of dye concentrate were added to 
aadi wen. Absorbance at 600mm was read on a Dynatech MicroeOsa Autoread^^ 
volume (a bout tr actions 14-20). These fractions are pooled and concentrated by use of a Centrlcon-IO 
microconcentrator* 



Example 4 
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Preparation and Characterization of Monoclonal Antibody to ISA8 Breast Cancer Amlgen 
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Monoclonal antibodies may be made by methods known to those of sIdU in the art The procedufB for 
making the hybridoma cell cultures which produce these antibodies is described in detail In U.S. Pat. Appln. 
Ser. No. 29.373. filed March 23, I9B7. which is a continuation In part of U.S. Pat. Application Ser No. 
678.264. filed December 5. 1984 and in European Application Publication 0 184 369 (published 11 June 1986). 

s Briefly, mammary lumor cells (Soule. et aj. JNCI. 51: 1409-1413 (1973) ATCC Accession No. HTB-22) were 
injected into BALB/c mice intraperitoneally every three weeks for a total of three to four injections. The 
spleens were han^sted three days after the last injection and a spleen celt suspension was prepared and 
washed by two centrifugations (800 x g) in Oulbecco*s modified Eagles medium. One hundred and eight 
immunized mouse spleen cells and 107 PAI mezeloma cells obtained from Or. Theo Staehlin, Basel. 

10 Switzerland. J. Stocker, Research Disclosure . 21713. 155-157 (1982) were resuspended for hjsion in a 45% 
solution (v/v) of polyethylene glycol 1500. The hybrid cells were selected on hypoxanthlne-amenopterin 
thymidine (HAT) medium. 

Clones of the hybridoma were grown in vit^ according to known tissue culture techniques such as is 
described by Gotten, et al., Bn^ J. Imnujnol. 3d36 (1973). Hybridontas producing antibodies which reacted * 

15 with MCF-7 and/or MOA-157 cellTbut not human foreskin fibroblast cells were further characterized. The 
antibodies produced by the I5A8 cell line and hybridomos-produdng functlonalfy equivalent antibodies 
reacted with the 15Ad antigen on MCF-7 cells. They also reacted with 28/31 randomly obtained human 
mammary carcinomas tested, and exhibited a weaker reaction with nonnal human epitherial cells of breast 
renal proximal tubule, bladder sWn, esophagus and salivary gland, but cells of substantially no other normal 

20 tissue, and was unreactive with 14 of 18 other mafignant tissues tested. The I5A8 antibody also reacted with 
all fibrocystic diseases, nomial mammary epithelium, a number of adenocarcinomas. It did not react with 
mesotheliomas. The 15A8 antibody crossreacts ¥vith normal breast renal proximal tubule, epidermal, 
esophageal, and salivanry gland epithefium and witti cervical, colon and protratee carcinomas. The binding 
of I5A8 antibody to various tumors and tissues is summarized in Table I below: 

25 



30. 



35 



40 



45 



60 
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TABLE 1 

Binriinq of 15A8 Antibody to Tisstifts and Tumors 



1SA8 



10 



ts 



20 



25 



30 



35 



60 



CELL LINES (live) 
Mammary carcinoma 

MCF-7 

MDA-157 

DU447S 

Non-»Mammary 
HFF 
PAI 

TISSUES (frozen) 

Human mammary carcinoma (total) 

Primary infiltrating 
ductal carcinoma 

Infiltrating ductal- cancer 
metastatic to liver # lung 
omentum and brain 

Intraductal papillary^ colloid 
mammary carcinomas 

Comedo carcinoma 

Cystosarcoma phylloides 

Papillary ductular hyperplasia 
sderosins adenosis 

Fibrocystic disease 



(28/31) 



♦ (16/19) 



♦ (5/5) 

♦ (6/6) 

♦ (l/l) 
- (I) 

(2/2) 
4* (2/2) 
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Fibroadenoma + (2/2) 

Normal mammary epithelium ^ (4/4) 

NORMAL TISSUES 

Epidermis ^ 
Salivary gland ^ 
Thyroid 
Adrenal 

Lung - 
Bronchus * 
Heart 
Aorta 

Esophagus ,|. 
Stomach 
Small bowel 
Large bowel 

Liver (2) - 

Pancreas 

Gall bladder 

Spleen « 
Lymph nodes 

Kidney (2) proz tubule -fc 

Bladder 

Ovary 

Testis 

Cervix 

Uterus 

Bone marrow . 
Brain . 

NOH-MAMMAinr MALZGKANCZES 
Lung 

Squamous cell cancer 4. 

Adenocarcinoma 

Small cell cancer 
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Gastrointestinal 
Gastric cancer 

Cholangiocarcinoma " 

Pancreatic cancer 

Colon cancer 
Genito-urinary 

Cervix cancer 

Ovarian cancer 

Bladder cancer 

Renal cancer 

Prostate cancer (2) 
Lymphoma 

T cell 
Mesothelioma 
Melanoma 

+ m positive immuoperoxidase reaction (usually strong) 
- • no reaction 
± m weak reaction 



Example 5 



MoJificatfon of Monodonai Antibody BAB With SPDP 

N-sucdnimidyl 3K2-P/rfdyldttWo) (propUmate) In dlmettiyftormairtde was prepared as a stock soUitlonof 
3 mgrml in dry cfimethyieoramlde. Since the crystalBne SPOP can undergo hydrolysis, the actual ^^^^^^ 
tion of chemically reaettve cross Bnker was determlnod by «P«^[«P»^^ 
absorbance at 260 nm m a dual-beam spectrophotometer. The concentration of SPOP stock Is cafculatea 

from the following equatton: 

rhuna^ 4n f^ T^nnrhr"^*^ /^fionm^ X fa.Ql) - nmoles/mVSPOP 
0«02 z 10^ ml/nmol O.Ol 

One mlUigfam of monodonai antibody 15A8 In OJS ml of PBS was added to a glass tube. SPDP stock 
solution was slowly added at a 5-fold molar excess to the tube, mbdng constantly. "The mbeturo was 
incubated for 30 minutBs at room temperature, mixing every 5 minutes during the incubation period. 

Bccess unreacted SPOI» was removed by gel fUtraHon chiomatogiaphy on a Sephdex Q-2S column (I x 
24cm) pre-equlllbrated with PBS. Fractions (0.5 ml) were collected duHng the PBS elutkm and were 
analyzed (or protein content by the Bradford dye method. Antibody eluted in the voW volume 
(approximalsiy fractions 14-20). These fractions were pooled and the protein concentrated m a Centricon-30 
microcentrator. The Centricon retentate was washed with WO mM sodium phosphate buffer. pH 7.0 
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containing EOTA (0.5 mM). The antibody was concentrated to a final volume of approximately 0.5-0.75 ml. 

Example 6 

Coniugation of SPDP*Modified ^4onoc^onal Antibody 15A8 With Iminothlolane-modified Gelonin 



Monoclonal antibody I5A8 modified as described in Example 4 was mixed with an equal weight of 
gelonin modified as in Example 3. This proportion corresponded to a 5-fo(d molar exceiss of gelonin as 
compared to antibody. The pH of the mixture was adjusted to 7.0 by the addition of 0.05 M TEA/Ha buffer 
pH 8.0 and the mixture was incubated for 20 hours at 4"^ under nitrogen, lodoacetamide (0.1 M) was added 
to a final concentration of 2 mM to block any remaining free sulfhydryl groups and incubation was 
continued for an additional hour at at>out 25"C. The reaction mixture was stored at 4^. until purification by 
gel filtration. 



Example 7 



Purification of Gelonin-Monoclonal Antitwdy 15A8 Complexes 

Non<onjugated gelonin was removed from the reaction mixtures of Example 6 by gel filtration on a 
Sephadex G-75 column (1,6 x 31 cm) pre-equilibrated with PBS. 

Reaction mixtures from Example 6 were concentrated to approximately I ml wth a Centricon 30 
microconcentrator before loading on the Sephadex oofumn. The column was washed with PBS. One ml 
fractions were collected and 50 ul allquots are analyzed I6r protein by the Bradford dye binding assay. M. 
Bradford. Anal. Biochem 7^ 248 (1978). 

Free- and geiooin-coniugated antibody ehited in tt« void volume (about fractions 17-23) while, uncon- 
jugated gelonin elutes at about fractions 35-4L Figwe I demonstrates the elution profile of the (3-75 coUirnn. 
Figure I demonstrates the elution profile and demonstrates that , gelonin can be separated from gelonin- 
antibody conjugate and unconjugated antibody, both of which ooefute In the first peak (about tactions 38- 
52). This ehjtion pattern was confirmed by electrophoresis of 50 ul afiquots oh 5-20% gradient non-redudng 
SOS polyacrylamlde ^els as shown on Rgure 2. The coupOng mbdure was loaded on lane 3 Bands for Iree 
gelonin. toe anSbody «nd for one molecule of gektin coupled por iholeciitfe of wtibody and two molebules 
of gelonin coupled per* antibody nnolecule are shown. The void volume peak of the 6-7S cokmin conlainkig 
free antibody and antibody^-gelonln conjugate was loaded on 1^ 

Non-cor^ated antibody was removed from the getonin corrugated antibody by affinity chronatoo- 
raphy on a cokmn (I x 24 cm) of Blue Sepharose CL-6B pre^uHibrated with 10 mlA phosphate buffer, pH 
72 containing OJ M MaCt After toad^ the G-75 eluate sample, the column was washed with 30 ml of the 
same buffer to completely elute non-cor^ugatad antibody. Qek)nin<»^ated antibody bound to the 
cohimn and was ehJted vHth a linear salt gradient of 0 J to 2 M Na<a hi 10 mM 

antibody-getonin complex ekjted at approximately 0-7 M NaO as shown on Figure 3 which depicts the 
ehitkm profile of the Blue Sepharose column. The fiow-through peak contains only free antibody (Pq. a 
lane 5) while fractions 50^. eluted with high sett, contain ISAB^tonin corrugate free of unconhtoated 
gelonin or antibody (Rg. 2, lane 6). 

Protein content of Itie eluted fractkms was detennined by the Bradford dye binding assay. The protein- 
containing fractions were pooled and the eiutkxi pattern confinned by electrophoresis on a 5 to 20% 
gradient non-reducing polyacrylantide gel. The electrophoretie pattern of the tSAS-gekxUn complex Is shown 
on Figure 2. 

The rabbit reticulocyte In vtoo translation system described In Example 3 was utilized to estimate the 
gelonin activity of the essenially pure getonin-l5A8 antibody complex. As shown on Hgure 4 the essentially 
pure gelonln-l5A8 antibody Is active In the retkrulocyte lysate assay. A 1 : 1000 dUutton of the odginal sample 
caused approximatoly a 50% inhibltkx) of protoin synthesis. U.. a 50% reductton of the incorporation of 
C-leuane Into protein. Thus, the activity of the original proparation was 1000 Ufml 
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Example 8 



5 Comparison of Binding of Getontn-conjugated and UncxDnjugated 15A8 Antibody to Target Cells 

The ability of the geionin-conjugated and unconjugated I5A8 .antibody to bind to target cells was 
assessed. Rfty thousand target cells (Me-180) or non-target human melanoma cells (AAB-527 cells) were 
added to each well of microtlter plate. The cells were dried on the plates overnight at 37^C. The cells were 
10 then washed with three changes of cold PBS and air dried overnight. The cell surface antigenic deter- 
minants remain antigenically active after this treatment 

After attachment of the cells, the plates were washed with Washing Buffer (9.68 Tris. 64.8 sodium 
chloride. 16 ml Tween 20. 800 mg thimerasol in 8 1 of double distilled water). Antibody samples were diluted 
in Washing Buffer containing 1% Bovine serum albumin (wAv) (Diluting buffer). Rfly microliters of various 
75 concentrations ranging from .05 to 50 ug/ml of either conjugated or unconjugated I5A8 antibody were added 
to the wells. After incubation for I hour at 4*'C, the supernantants are removed and the wells washed twice 
witti Washing Buffer. 

Fifty microliters per well of horseradish peroxidase conjugated goat anti*mouse IgQ obtained from Bio- 
rad and diluted 1:1000 (v/v) (HPGAM) in Diluting Buffer was added to each weO. The plates were incubated 

30 for I hour at 4**C and ttie wells washed twice witin Washing Buffer. After lncut>ation of the plates with 50 ut of 
Substrate Solution (80 mM citrate phosphate (pH 5.0). I mM o-phenylenediane (ABTS) and 4 ul of 30% 
hydrogen peroxide) in ttie dadc for 30 minutes at room temperature, 25 ul of 4 N sulfuric acid was added to 
each well. The absorbance at 492 nm was determined on an Elisa scanner. 

The results are shown on Figure 5. Ttie I5A8 gelonin complex bound to Me-180 target cells to the same 

25 extent as did native I5A8 antibody. Since there was no difference in ttie binding of tiie l5A8-gelonin or the 
unconjugated 15Aa antibody to the Me*l80 antigen containing target celts, the chemical conjugation 
procedure does not alter the affinity of tiie antibody for its target antigen. There was no detectable binding 
of either I5A8 or I5A8 gelonin complex to non-target AA6527 melanoma cells. 

30 

Example 9. 



35 Antiproliferative Effects of Gelonin and Gelonin-tSA8 Antit>ody Complex 



The antiproliferBtive effects of gelonin and iSAa-getonlri complex was assess^ 
SjOOO cetls^veS In mioDllter plate In 200 ut of appropriate tissue culliire metfla. The oells mtB atlowed to 

40 adhere for 24 hours at 37*0 In atmosphere of 5% CO3 In air. Mon*targeted. antigen negative HS294 
melanoma ceils, antigen positive Me-180 and A-431 squamous carcinonna cdls in log-phase were treated 
with various ooncentiations of eitiier media alone (control), gelonin or BAS-gelonin coriiiigate and incut)ated 
at 37% In an atmosphere of 5% CO2 in air for 72 hours. The plates were washed three times with .cold 
PBS. 60 ul of methanol was added to each well and ttie oeUs lysed by repeated cycles of freezing and 

4s ti)awlng. Protein concentrations were then determined by the Bracfford dye test Cell growth InfiBsitipn was 
assessed by reduction In protein concentrations of treated cells as compared to sallne-treated controls. As 
shown in Figure 6, tiiere was no inhibition of cell growtti by ttie ISAS-gelonln coniugate on non-targeted 
HS294t melanoma cells. I4e-I80 target cells were 7 logs and 5 logs respectively more sensitive to the 6A8- 
gelonin immunotoxin than to gelonin alone (Rgures 7 and 8. respectively). 

so Rgure 7 demonstrates tfiat at approximately 5 UAnl. gelonin oonju^ted ISA8 antibody inhlt^ted 50% of 
ttie Me480 cells, while a concentration of 10' U/ml of ttie unconjugated gelonin wes required to achieve ttie 
same effect 

Similar results were otitalned witti A43I cells, an epidermoid c ar c in oma I5A8 antigen positive cell One. 
As shown on Rgure 8 the gelonin I5A8 antibody complex kWed celts at approximately 5 log lower 
65 concentration tfian did the free toxin. 

Since only celts containing the 15A8 antigen on their surface were killed by the gelonin 15A6 
immunotoxin, ttils immunotoxin is an efficient mettiod to target and kill t5A8 tumor associated antigen 
containing cells while minimizing or preventing damage or Injury to normal non-tumor associated antigen* 
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bearing cells. 



Example 10 

s 



Effect of Gelonin I5A8 Antibody Conjugate In Vivo 



AntiboOy I5A8 conjugated with gelonin or gelonin aJone (as a control) were tested for their activity 
against a highly tumorigenic variant of the human t>reast cancer cell lines MW (Chu. et al- Cancer Research 
45:1357-1366). Female alhymic BALB/c nuMu mice (20-24 g) were injected in the right axillary region with 
1.25 X 10' cells per animal in 0^ ml. Three days later, 200 ut of l5A8-gelonjn complex or free gelonin in 
fs Dulbecco's Modified Eagle Medium containing 50 ng/mi hydrocortisone and insulin at concentrations of 10^' 
M, 3 X 10"' M. 6 X W and 10"* M were injected by the tail vein to give appoximate plasma concentrations 
of 10"* 3 X 10"* M. 6 X K)"* M and 10"' M. f=bur weeks later tumor sizes were measured using calipers 
and at five weeks post-injection tumors were removed and weighed. The results are shown on Table 2. 

20 Table 2 
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In Vivo Effects of Gelonin-15A8 


Antibody Conjugate 


In Vivo 


Volume 


Weight 


Cone. (M) 


(cm) 




io-« 


2.5 


2.55 


io-« 


4.00 


3.87 


3xl0-« 


0.86 


0^ 


3xW-« 


1.66 


1.66 


6xl0-« 


1.46 


1.48 


6xlO"« 


5.42 


5.05 


10-7 


4.75 


3^1 


J0-' 


2.39 


1^ 




231 




Coiijugate 








0J5 


0«2t 


8xK)-« 


L88 


2JS4 


3x10'* 


0.K 


0J4 




3.02 


1^ 


6xl0-* 


ZJS 


1^ 






IJB9 


KT' 


S^4 


AST 


3x10-* 


I.B7 


2J8 




172? 


W3S 



The concentration of tiie gelonin or gelonin I5A8 conjugate was approximated assuming a ten-fold 
so dHution of ttie injected dose in the blood volume of the animal. Based on the average tumor size and 
average tumor weiglit Ihe corrugate iSAS^kmin reduced tumor grtmlh by approximately 70%-75% as 
shown below: . 
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Tumor Size at four weeks: 
I5A8-qeIonin conjugate ^ 17.24 - 7S% 

Gelonin 23.11 

Tumor Weight at five weeks: 
^ ISAa-oelonin conjugate « 14,39 . 71\ 

Gelonin 20.19 

Thus, rt can be seen that with only one administration of the ge(onin-l5A8 complex the tumor size was 
10 reduced 70%775%. More frequent injections of the immunotoxin should be even more effective at reducing 
tumor burden. 

One skilled in the art will readily appreciate that the present invention is welt adapted to carry out the 
objects and obtain the ends and advantages mentioned* as well as those inherent therein. The compounds, 
methods, procedures and techniques descnt)ed herein are presently representative of the preferred 
'5 emtx)diments. are intended to t>e exemplary, and are not intended as limitations on the scope of the 
present invention. Changes therein and other uses will occur to those sidited in the art which are 
encompassed within the spirit of the invention and are defined by the scope of the appended claims. 



^ Claims 

1. A method of making a composition of matter comprising conjugating I5A8 antibody and a moiety 
selected from tfie group consisting of cytotoxic moieties and detectable labels. 

2. The method of claim I wherein said moiety is selected from, the group consisting of a toxin, a 
25 cytoddal drug, a biological response modifier and detectable lat>el. 

3. The method of claim 2. wherein said moiety is gelonin. 

4. A n^ethod of conjugating gelonin to a monoclonal antibody, comprising 
modifying a monoclonal antibody with N-succinimidyl*3-{2-pyrtdyldithio)propionate (SPDP): 
removing ti^ excess N-sucdnimidyl-3-(2*pyndyidithio)propionate (SPDP); 

^ modifying gelonin with iminothidane (IT); 
removing the excess iminothlolahe; 

conjugating said SPDP«modified monoclonal antibody with said iminotitiolane-modified gelonin; and 
purifying said conjugate of said monoclonal antibody and gelonin. 

5. A method of making a composition of matter comprising 
95 coupling a cytotoxic moiety to monoclonal antibody i5A8. 

6. The method of claim 5 wherein, the moiety is gekmin. 
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